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Field of the Invention 

This invention relates to a hybrid-driven device 
with a battery and a fuel cell as power sources of a drive 
motor for mobile devices such as veh/cles and watercrafts, 
or the like. 



Background Art 

A hybrid type electric *dar has been developed for 
the purpose of reducing pol/lution due to vehicles, in 
which an electric motor is /used for driving the vehicle, 
and two kinds of /^batteries/ for constant speed running and 
high output runntng^re combined as power sources of the 
vehicle to increase tjrayel distance per one charge and to 
provide efficient and ^table power supply during constant 
speed running and / high output running such . as 
acceleration- In su^h a hybrid-driven vehicle, a system 
has been contemplated in which methanol is used as primary 
fuel, and a fuel /cell is used as a power supply source, 
including a reformer and a shift reactor for processing 
carbon monoxide, and a secondary battery (battery) is 
combined in acjoition to the power supply source, such as a 
lead battery/ for carrying peak load. In such a hybrid- 
driven veh/cle, a vehicle controller is provided for 
drivingly /controlling the motor in an optimum condition by 
supplying electric power efficiently in response to the 
operati/ig conditions after switching-on of the power 
sourc^. Modules constituting equipment such as a motor, a 
fuel / cell and a battery are provided with sensors for 
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detecting data, such as temperature, rpm or A state of the 
voltage and current, corresponding to/ the modules 
necessary for drive control of the vehicLe, respectively, 
and the vehicle controller calculates required electric 
power or expected travel distance according to the 
detected output, for charging/discharging of the battery 
and the fuel cell, and drive control pf the motor, or the 
like . 

In constituting such a control system, it is 
desirable for each module to be e'asy in installation to 
the vehicle and maintenance so ays to provide easy parts 
replacement including that of / related- control system 
parts, for improved application of modules, and also to 
receive reliable control data,/ for higher reliability of 
the control. 

In driving a Vehicle Rising two power sources of a 
battery and a fuel \ cell /described above, the vehicle 
controller calculates expected travel distance from the 
data on the residual amount of power source capacities and 
fuel in the normal operating conditions of both power 
sources, makes an effective use of the power sources 
during running while / verifying reliable travel to the 
destination, and makps proper use of the power sources, 
such as supplementary use of the battery to the delayed 
output response of /the fuel cell during acceleration, so 
as to perform drive control of power sources through their 
controllers, for /constant stable running. 

However, in case of abnormality in the battery or 
the fuel cell , / continuous use of the power sources might 
disable drive/ control based on the data from the power 
source controller, preventing stable running, and the 
abnormal state might expand more widely due to delayed 
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measures against the abnormality, causing d^tnage to other 
sections . 

In view of the foregoing, it is a first object of 
this invention to provide a hybrid-driveA device capable 
of effecting improved efficiency of assembling work and 
maintainability of modules including a/ power system such 
as a motor and power supply sources ysuch as a fuel cell 
and a battery, as well as reliable control. 

In addition, it is a second object of this invention 
to provide a hybrid-driven mobile body in which the states 
of two power sources are detected during operation to 
calculate expected travel distance based on the detection 
data, and the states of power sources are grasped 
constantly during operation syfch that the mobile body is 
able to travel smoothl^ to th£ destination. 

Further, it ife a\ third object of this invention to 
provide a hybrid-driWnj aeyice in which in the event that 
abnormality is detected ir/ either of the two hybrid drive 
power sources, the use /of the power source is stopped 
promptly to prevent expansion of the abnormal state so as 
to cope with the abnormality immediately, and operation is 
continued using the other power source, for smooth drive 
control of the power /system. 



Disclosure of the Imvention 

In order to /achieve the foregoing first object, this 
invention may provide a hybrid-driven device having a 
first and a second power supply source as power sources 
for a power system for driving the device, a main switch 
for switching on the power sources, and a device 
controller for controlling the device, wherein said power 
system and said first and second power supply sources are 
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arranged as module units, respectively, each rfiodule unit 
is provided with a module controller and detection means 
for detecting the state of the module, ana said module 
controller has storage means for storing /detected state 
data . 

In this arrangement, equipment (modules) 

constituting the power system such as /a motor, the first 
power supply source such as a fuel /cell and the second 
power supply source such as a battzery, are arranged as 
module units such as a motor unit, /a fuel cell unit and a 
battery unit, respectively, to /be combined integrally 
together with related equipment and components, and 
incorporated unit by unit in a/ device such as a vehicle. 
The module units / cohtain/ module controllers for 
controlling the resp^cti^e modules. The module controllers 
have storage means f&r fetching detection data from state 
detection means of the^maaules, so that each module unit 
is able to perform dat^ communication with the device 
controller . 

As a result that the motor, fuel cell and battery 
are arranged as monule units containing controllers, 
respectively, ef fyciency of assembling work and 
maintainability o& modules are improved and control 
systems corresponding to the modules are integrated for 
the respective / modules, thereby providing improved 
reliability of/ the control, easy parts replacement 
including that/ of the control system parts and improved 
applicability /of modules with effective parts control. 

In a / preferred arrangement, this invention is 
characterized in that said device controller is adapted to 
perform bilateral data communication with said module 
controllers . 



4 




In this arrangement, data is stored in each module 
controller and the device controller can recei^ requisite 
data on request to the module controller, so/ that memory- 
structure is simplified on the device controller side and 
effective control can be performed /on the same 
communication line for each module. / 

In another preferred arrangement, /this invention is 
characterized in that after a predetermined time has 
elapsed since the main switch was turned off, preparation 
processing is performed on said firs*: or said second power 
supply source for the next operation. 

In this arrangement, after /a predetermined time has 
elapsed on the basis of a t/mer since operation was 
stopped and the main switch wats turned off, the capacity 
of the power supply Nsource jLs detected to be optimized 
sufficiently enough \ or /normal operation, or when 
operation was stopped apci^—rhe main switch was turned off, 
residual capacity of\thfe /first or the second power supply 
source is detected, capacity-up processing is performed at 
a time earlier than the time of the next driving schedule 
entered by the user /by a length of time necessary to 
increase the detected residual electric capacity up to an 
optimum value, so t/hat the device can be held on standby 
in an optimum condition that operation can be started 
stably and reliably at the time of next running for 
continuation of /normal operation. 

In addition, in order to achieve the second object, 
this invention may provide a hybrid-driven mobile body 
with a first and a second power supply source as power 
sources of /a power system for driving the mobile body, 
wherein anf available amount of power supply by each of 
said fir/st and said second power supply source is 
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detected, and a program is provided for calculating an 
expected travel distance of the mobile body J from the 
available amount of power supply. 

In this arrangement, since during travel operation, 
the available amount of power supply of eaoW of the first 
and the second power source constituting the hybrid 
device, for example, residual capacity 02? residual fuel, 
is detected and the expected travel distance of the mobile 
body is calculated on the basis of Ithe detected data, 
stable operation to the destination/ is verified and a 
prompt action can be taken when /the expected travel 
distance or the residual quantity is insufficient. 

In a preferred arrangement, this invention is 
characterized in that said firs^t power source is a fuel 
cell and said second ; the fuel consumption 

1 cell/ an 1 



ratio of the fue 
of the battery are c 
distance of the mobile 



the capacity consumption ratio 
lcujLXt^ii/ and the expected travel 
y/is calculated on the basis of 



these consumption ratios; and if said residual fuel of the 
fuel cell and said resicnial capacity of the battery are 
not more than the respective predetermined setting values, 
warning is indicated, 

In this arrangement, the hybrid power source is 
constituted by a fuel cell and a battery (secondary 
battery) ; the fuel/ consumption ratio of the fuel cell is 
calculated from / the traveled distance and the fuel 
consumption; and/ the expected travel distance by the fuel 
cell is calcula/ced from the fuel consumption ratio and the 
residual amount of fuel. Further, the capacity 

consumption fatio of the battery is calculated from the 
traveled distance and the voltage drop of the battery or 
the capacity consumption of the whole mobile body, and the 
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expected travel distance is calculated from the /capacity 
consumption ratio and the residual capacity- / In this 
case, if the residual fuel and the residual /fcapacity of 
the battery are not more than the respective predetermined 
values, warning is indicated and appropriated measures can 
be taken such as refueling and batte/y change, or 
charging . 

In still another preferred arrangement, this 
invention is characterized in that the Characteristic data 
of capacity corresponding to the cur/rent and voltage of 
the battery is provided bef orehaiya, and the battery 
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.on data on the 



capacity is calculated from the ydetecti< 

current or voltag^ the battery, based on the 

characteristic data q>f capacity. 

In this arrangement, th£ characteristic data of 
capacity corresponding tq) t?k£_/current and voltage of the 
battery is stored bef orehand /in a ROM, etc, and when the 
current or voltage of the battery is detected, the battery 
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capacity (residual capacity) at the time of detection is 



of 



calculated from the sytored characteristic data 
capacity, based on the detection data. 

In another preferred arrangement, this invention is 
characterized in that after a predetermined time has 
elapsed since a first/ detection data was obtained on said 
current or voltage, /a second detection data is obtained on 
the current or voltage, and the impedance is calculated 
from the calculated capacity value based on the first and 
the second detection data. 

In this arrangement, after a predetermined time has 
elapsed since the battery capacity and the impedance were 
calculated on/ the basis of the first detection data, the 
capacity and/the impedance are calculated on the basis of 
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the second detection data, and the state of deterioration 
of the battery is identified from the impedance Aange. 
Taking account of this impedance change, the/expected 
travel distance can be calculated on basis of t/ne residual 
capacity of the battery. / 

Further, in order to achieve the thirxi object, this 
invention may provide a hybrid-driven /device having a 
first and a second power supply source a^s power sources of 
a power system for driving the device, said first and 
second power supply sources being connected to said power 
system through switching means, respectively, and a device 
controller for controlling the / device according to the 
operating conditions, wherein ySaid first and second power 
supply sources l|ave \^ controllers , respectively; the 
controllers are adkpteti tg( detect abnormalities of the 
power supply sourcesMnd/to store the detection data on 
abnormality; and said /device controller is adapted to 
perform bilateral communication with the controllers of 
the power supply sou/ces to send/receive data or commands, 
and to cut off this power supply source from said power 
system through s'aid switching means when said device 
controller receives said detection data on abnormality. 

In this/ arrangement, the device controller which 
controls the/ whole device is adapted to perform data 
communication with controllers of the power supply 
sources, afnd if abnormality happens in any of the power 
supply sources and the abnormality is detected by its 
controller, the detection data is sent to the device 
controller, and the device controller determines which 
supo/ly source the abnormality happens in, and cuts off the 
abnormal power supply source from the power system through 
switching means such as a relay. Thus, the use of the 
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abnormal power source is stopped promptly and operation ig 
continued using the other power source while /an 
appropriate action is taken against the abnormality, 
thereby minimizing damage. / 

The abnormality of the power supply seuarce is 
detected such that the temperature and current /or voltage 
of each power supply source are detected/ and it is 
determined to be abnormal when these values exceed the 
respective proper ranges. If such an abnormal state is 
detected, the detection data on abnormality is stored in 
the controller of the abnormal power source and sent from 
the controller to the device controller on request. 

in a prer errea angement/> this invention is 

characterized in that the controller of each power supply 
source sends to said pevice\con,t roller a request signal 
for stoppage of dischaSrgir^g pf the power supply source 
upon detection of abnormality of the power supply source, 
and when receiving the /request signal, said device 
controller cuts off the/ power supply source from said 
power system through saiid switching means. 

In this arrang9ment, the controller of each power 
supply source send/£ a signal requesting stoppage of 
discharging to s"top the use of the power source upon 
detection of abnormality of the power source. The device 
controller whioh received the request signal for stoppage 
of discharging determines which power source the signal 
was sent from, and cuts off the power source from the 
power syscem through switching means. Thus, when 

abnormali/ty happens in a power source, a command can be 
requested of stopping the use of the power source, from 
the alonormal power source side, using communication means 
between the controllers of the power sources and the 



9 



device controller, providing a prompter action to cope 
with the abnormality. The request signal for stoppag^/ of 
discharging may be simply the detection dat^ on 
abnormality. In this case, if abnormality is deleted, 
the detection signal is sent to the device controller, and 
the device controller cuts off the abnormal p$>wer source 
accordingly . 



Brief Description of the Drawings 

Fig. 1 is a view of external appearance of a hybrid- 
driven vehicle according to an embodiment of this 
invention; 

Fig. 2 shows structural vie^ws of a hybrid-driven 
vehicle according to another embodiment of this invention; 

Fig. 3 is block diagram of the control system of the 
hybrid-driven vehicle acpQrdij/g to the embodiment of this 
invention; \ , 

Fig. 4 is a structural diagram of a portion of a 
fuel cell unit according /to this invention; 

Fig. 5 is a structural diagram of the power source 
control system according to this invention; 

Fig. 6 is an /illustration of the control system of 
the hybrid-driven ^ehicle according to this invention; 

Fig. 7 is flowchart of operations during standby 
of the hybrid-driven vehicle according to this invention; 

Fig. 8 2LS a flowchart of detection and calculation 
of the state of the power source in the hybrid-driven 
vehicle according to this invention; 

Fig/. 9 is a flowchart of detection and its 
indication of the residual quantities of the power sources 
during/ running of the hybrid-driven vehicle according to 
this /invention; 
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Fig. 10 is a flowchart of capacity control of the 
battery during running of the hybrid-driven vehicle 



according to this invention; and 
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Fig. 11 is a graph of the capacity characteristics 
(percentage to the maximum capacity) corresponding to the 
current (I) and voltage (V) of the battery. 



Best Mode for Carrying out the Invention / 

Now, an embodiment of this invention will be 
described below with reference to the drawings . 

Fig. 1 is a general structural /view of a hybrid- 
driven vehicle according to an /embodiment of this 
invention. The hybrid-driven vehicl/e 1 of this embodiment 
is applied to a motor bicycle. Th^e hybrid-driven vehicle 1 
is provided with a hybrid-driven system 2. The hybrid- 
driven system 2 comprisl^s ar/ electric motor unit 3, a 
transmission 4, a venic^e controller 5, a battery unit 6 
and a fuel cell unit / 

A fuel cell unit 7/ comprised mainly of a fuel cell 
and a reformer, is disposed rearwardly of a seat 8 and 
upwardly of a drive v/heel 9. In front of the seat 8 and 
between the seat arid a front fork 12 for steering a 
steering wheel ll/ is disposed a methanol tank 13. The 
methanol tank 13/is provided with a filler cap 14. 

The hybrfa system comprised of a fuel cell in the 
fuel cell und/t 7 and a battery in the battery unit 6 is 
adapted to /drive an electric motor in the electric motor 
unit 3 to /rotate the drive wheel 9. 

Fijg . 2 (A) is a view of an example of another type of 
hybridVariven motor bicycle, and Fig. 2(B) is a structural 
view yOf a hydrogen supplying device for the fuel cell. 

/ The hybrid-driven vehicle 1 has a vehicle controller 
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5 and a battery unit 6 under a seat 8; under an vehicle^ 
controller 5 is provided an electric motor unit 3; and/in 
front thereof is provided a fuel cell unit 7 comprised 
mainly of a fuel cell. On a carrier to the rear jof the 
seat 8 is provided a hydrogen supplying device/ 15 for 
supplying hydrogen for power generation to the /fuel cell 
unit 7 . 

The hydrogen supplying device 15, as Ahown in Fig. 
2(B), is provided with a hydrogen tank 16 /together with a 
methanol tank 13, and with a fan 17 ancy a burner 18 for 
supplying combustion air, and further /with a reformer 19 
for producing hydrogen through catalyst, with primary fuel 
being heated and vaporized. 

Fig. 3 is a schematic block" diagram of the hybrid- 
driven vehicle accord/n^s to this/ invent ion , 

The hybrid-driven vjehsic^e 1 is provided with a main 

>, /a stfand 20, a foot rest 21, an 
acceleration grip 22, a brake 23, an indicator 24, a lamp 
unit 25 including a light, a winker, etc, a user input 
device 26, a non-volat/le memory 27 and a timer 28, and 
further with an electric motor unit 3, a transmission 4, a 
vehicle controller &, a battery unit 6 and a fuel cell 
unit 7 . 

ON/OFF sigr/als are sent from the main switch SW1 to 
the vehicle controller 5 to drive the motor-powered 
vehicle. To ^he seat 8, stand 20, foot rest 21 and brake 
23 are fitted sensors S1-S4, respectively, and ON/OFF 
signals corresponding to seating/non-seating, use/non-use 
of the s£and, feet-res ting/non feet-resting and ON/OFF of 
the brafke are sent from the respective sensors S1-S4 to 
the vehicle controller 5, where the respective operating 
conditions are detected. 
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The accelerator grip 22 constitutes output setting 
means, and to the accelerator grip 22 is fitted /an 
accelerator opening sensor S5, from which signal^/ of 
accelerator opening are sent to the vehicle controller 5 
through gripping manipulation of the user. The electric 
motor is controlled according to accelerator opening. The 
vehicle controller 5 constitutes control itfeans for 
controlling the output of the electric motor b&sed on the 
output setting value from the output setting means 
constituted by the accelerator grip 22 

The user is able to input various ofata from a user 
input device 26 to the vehicle controller 5 to change, for 
example, the operating characteristics of the vehicle. 
Also, data are transferred between tMe non-volatile memory 
27 and timer 28 and the /Chicle controller 5, that is, to 
the non-volatile memory! 2\ is s/ored the information on 
the operating condition^ Jof tY/e vehicle at the time of 
stoppage, and the vehicle/ controller 5 reads the 
information on the stored operating conditions for control 
when operation is started, 

The indicator 24 /is driven by indicator-ON/OFF 
signals from the vehicle controller 5 and the operating 
conditions of the motpr-powered vehicle are indicated on 
the indicator 24 . /The lamp unit 25 including a light, 
winker, etc is comprised of lamps 25b of the light, 
winker, etc. Activation-ON/OFF signals from the vehicle 
controller 5 derive a DC/DC converter 25a to light the 
lamps 2 5b. 

The electric motor unit 3 is provided with a motor 
driver 30,/ an electric motor 31 connected to the drive 
wheel 9, /an encoder 32, a regenerative current sensor Sll 
and recy4nerative energy control means 33. The motor 



13 



driver 30 controls the electric motor 31 through duty 
signals from the vehicle controller 5, and the drive wheel 
9 is driven by the output of the electric motor 31./ The 
encoder 32 detects the position of the magnetic poizes and 
the number of revolution of the electric mo/tor 31. 
Information on the motor speed from the encoder 32 is 
stored in a memory in the motor driver 30 t$? be sent to 
the vehicle controller 5 as required. ^utput of the 
electric motor 31 is changed in its / speed by the 
transmission 4 to drive the drive wbfeel 9, and the 
transmission 4 is controlled by saeed-change command 
signals from the vehicle controller b/ The electric motor 
31 is provided with a motor voltage sensor or a motor 
current sensor S7 , and information on the voltage and 
current of the motor is stored /in a memory in the motor 
driver to be sent to the vehic/e controller 5 as required. 

The battery unit 6 pbs-^rovided with a battery 60, a 
battery controller 6\ ai/d /a battery relay 62. The fuel 
cell unit 7 is provided ^ith a fuel cell 70 constituting 
power generating means', a fuel cell controller 71, a 
reverse current prevention element 72 and a fuel cell 
relay 73. There provided are a first power supply path LI 
allowing supply of the output current from the fuel cell 
70 to the battery 60 and a second power supply path L2 
allowing supply of the output current from the battery 60 
to the electric motor 31, and electric power is supplied 
through an /electric power regulating section 80. 

The/battery controller 61 is provided with detection 
means fpr detecting the charging state of the battery 60, 
and 0ie detection means is comprised of a battery 
temperature sensor S12, a battery voltage sensor S13 and a 
batftery current sensor S14, and information from these 



/ 
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th^ vehicle 
d the fuel 



sensors is stored in a memory in the battery controller 61 

to be entered in the vehicle controller 5 as required. 

/ 

The battery relay 62 is activated by ON/ OFF signals /from 
the vehicle controller 5 to control electric power ^supply 
from the second power supply path L2 . 

Communication data are sent from 
controller 5 to the fuel cell controller 71, 
cell controller 71 controls the fuel cell 70/on the basis 
of these data. The fuel cell controller Al is provided 
with detection means for detecting the s/tate of the fuel 
cell 70. The detection means is coijpfprised of various 
temperature sensors S21, a fuel cell/ voltage sensor S22 
and a fuel cell current sensor S23/ and information from 
these sensors is stored in a memory in the fuel" cell 
controller 71 to be er>^ered in the vehicle controller 5 as 
required. The fuel IceJM. rel^y 73 connected to the fuel 
cell controller throubh Irectfifier diode (reverse current 
prevention element) 12\M activated by ON/ OFF signals from 
the vehicle controller 5 /to control electric power supply 
from the first power supply path LI . 

Fig. 4 is a structural diagram of a portion of a 
fuel cell according tfo an embodiment of this invention. 

The fuel eel-/ unit 7 in this embodiment comprises a 
methanol tank 102/, a reformer 103, a shift converter 104, 
a selective oxidation reactor 105, a fuel cell 70, a 
moisture collecting heat exchanger 107, a water tank 108 
and a fuel /cell battery controller 71. The fuel cell 
controller fl 1 is connected to the devices such as valves, 
pumps an4 fans, and sensors. The reformer 103, shift 
converter 104, selective oxidation reactor 105 and fuel 
cell JO are provided with temperature sensors Tr, Tb, Ts, 
Tp, /Tc, and the temperature of these components is 
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controlled properly by the fuel cell battery controller 71/ 
(Fig. 3) through temperature detection. j/ 
The reformer 103 is provided with a burner 110,/ an 
evaporator 111 and a catalyst layer 112. To the hmrner 
110 is supplied methanol from the methanol tank 102 by a 
burner pump 113 activated through temperature detection by 
the temperature sensor Tb, and air by a burne/ fan 114, 
and the evaporator 111 is heated by combustion action of 
the mixture. The double circle in the figure represents 
an air inlet. To the evaporator 111 is sufpplied methanol 
fed from the methanol tank 102 by the methanol pump 115, 
and water fed from the water tank 108/ by the water pump 
116, with methanol and water mixed together. The burner 
110 heats the evaporator 111 to vaporize the fuel mixture 
of methanol and water, arid \he valorized fuel mixture in 
the evaporator 111 is supjpli^H^t^the catalyst layer 112. 

To the burner 110 i\s siApt/Lied surplus (or bypassing) 
hydrogen from the fuel d^j/l/ 70 through a line 201 for 
combustion. The combustion heat of the burner 110 

vaporizes primary fuel (raw material) composed of methanol 
and water, and heats ttye catalyst layer 112 to maintain 
its temperature at /a value required for catalytic 
reaction. CombustiqA gas, and air not involved in the 
reaction are discharged to the outside through an exhaust 
passage 202 . 

The catalyst layer 112 is made, for example, of Cu- 
base catalyst,/ and resolves the mixture of methanol and 
water into tlydrogen and carbon dioxide at a catalyst 
reaction temperature of about 300 as follows: 
L30H + H20 3H2 + C02 
In/ the catalyst layer, a very small amount (about 
1%) of /carbon monoxide is produced: 
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CH30H 2H2 + CO 
Since this CO is adsorbed by catalyst in the cell 10 
and lowers electromotive force reaction, its concentration 

;leo y ti 



is lowered in the shift converter 104 and the se'. 



_ve 
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oxidation reactor 105 on the latter stage, and in tlrje cell 
70, to the order of one thousand to some tens of ppm. 

In the shift converter 104, carbon monoxide in the 
resolved gas is turned to C02 at a reaction temperature of 
about 200 in the following chemical reactio/ by surplus 
water vapor: / 

CO + H20 H2 + C02 / 
and CO concentration is lowered to th4 order of about 
0.1%. / 

In the selective oxidation /reactor 105, CO is 
further changed chem^qally to / C02 at a catalyst 
temperature of about lzO using platinum-base catalyst in 
the oxidation reaction \as: / 

2CO + 02 2C02\ w ,/ / 
and its concentration is reduced further to 1/10 of the 
previous value or smaller/ Thus, the CO concentration in 
the cell 70 can be lowered to the order of some tens of 
ppm. / 

The reformer l(/3 allows raw material to be reformed 
so as to produce ynydrogen as described above, and the 
hydrogen acquired/is supplied to the fuel cell 70 through 
the shift conyerter 104 and the selective oxidation 
reactor 105. / Between the reformer 103 and the shift 
converter 104^ are provided a buffer tank 117 for absorbing 
pulsation arid pressure change and switching valves 117a, 
117b, anca the hydrogen is returned to the burner 110 
through /activation of these switching valves 117a, 117b. 
The sbn_ft converter 104 is cooled by a cooling fan 118 
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after temperature detection by the temperature sensor Ts\ 

/ 

Cooling air is discharged to the outside through /an 
exhaust passage 203- / 

Between the shift converter 104 and the selective 

oxidation reactor 105 are provided a buffer tank /124 and 

/ 

switching valves 124a, 124b, and hydrogen is returned to 
the burner 110 through activation of these/ switching 
valves. / 

Hydrogen sent from the shift converte/ 104 is mixed 
with air fed by a reaction air pump 119 tc/ be supplied to 
the selective oxidation reactor 105. / The selective 
oxidation reactor 105 is cooled by a cooling fan 120 after 
temperature detection by the temperature sensor Tp . The 
cooling air is discharged to the outside through an 
exhaust passage 204. / 

Between the selective oxidation reactor 105 and the 
fuel cell 70 are provakied ja^irfrrfer tank 121 and switching 
valves 121a, 1241, and \ydrogen is returned to the burner 
110 in the reformer 103/ through activation of these 
switching valves. / 

As a result of flew control of the switching valves 
1171, 117b to the shift converter 104, that of the 
switching valves 124/a, 124b to the selective oxidation 
reactor 105 and tha^ of the switching valves 121a, 121b to 
the fuel cell 70, /the amount of hydrogen supplied to the 
fuel cell 70 cam be regulated for electromotive force 
control. Excessive oxygen is supplied in this case, so 
that the electromotive force is controlled according to 
the amount c/f hydrogen . 

Such/an electromotive force control is performed as 
follows : /required electromotive force is calculated by the 
vehicle/ controller 5 based on the data from sensors S21- 
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S23 and the detected data on the operating conditions frorri^ 
other various sensors, the flow rate of each switching 
valve is calculated by the vehicle controller 5 or fe'he 
fuel cell controller 71 based on the calculation results, 
taking account of the time lag required for the hydrogen 
quantity in the cell to be changed after activatiori of the 
switching valve, on the basis of which ON/OFF control or 
opening control of each switching valve is performed by 
the fuel cell controller 71. In this case, a larger 
supply quantity of the primary fuel such a/s methanol may 
increase the amount of evaporation of hydrogen to thereby 
increase the electromotive force, in which case time lag 
is produced by the time hydrogen is j/ncreased in quantity 
enough to participate in power generation. Such a time lag 
is compensated for by the electric/ power from the battery. 

To the fuel c&LK 70 is supplied water from the water 
tank 108 by a cooling and humidifying pump 122, and air is 
supplied from the m^isqur^/collection heat exchanger 107 
by a pressurizing ^ifr /pump 123 through temperature 
detection of the temperature sensor Tc . Using the water, 
air and hydrogen, power generation is performed in the 
fuel cell 70, as described below. 

The fuel cell/70 is configured such that electrodes 
are each formed with, for example, a platinum-base porous 
catalyst layer /not shown) provided on both sides of a 
cell film (not/shown) with a cooling and humidifying water 
passage 205 formed therein. To one electrode is supplied 
hydrogen from the selective oxidation reactor 105 through 
a hydrogera passage 206, and to the other electrode, oxygen 
(air) through an oxygen passage 207. Hydrogen ions move 
from the hydrogen passage 205 of the hydrogen side 
electrode to the oxygen side electrode through the cell 
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film and are combined with oxygen to form water. 



The^ 

/ 



migration of electrons (-) associated with the migration 
of the hydrogen ions ( + ) allows the electromotive force to 
be generated between the electrodes. 

This electromotive force generation is £ heat 
development reaction, and for the purpose of coc/ling and 
smooth migration of hydrogen ions to the oxygen side 
electrode, water is supplied from the water /tank 108 to 
the water passage 205 in the cell film /between both 
electrodes by the pump 122. The water which has passed 
through the water passage 205 and increase in temperature, 
exchanges heat with air in the heat /exchanger 107 and 
returns to the water tank 108 . Ttyfe water tank 108 is 
provided with a radiation fins 2^58 for cooling water, 
Numeral 209 designates an overflow' pipe. 
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sur 



the/heat exchanger 107. The 
/ith water at an elevated 
hot air, and supplied to the 
'air pump 123. As a result of 
)lied, combining reaction with 
:celerated, providing effective 
Reaction. Therefore, an air inlet 
by a double circle) is preferably 
provided in the /vicinity of the selective oxidation 
reactor 105 or th4 catalyst layer 112 where the foregoing 
high temperature? catalytic reaction takes place. 

Oxygen i/n the air passing through the oxygen passage 
207 and combaned with hydrogen ions is turned into water 
and collected in the water tank 108 . The surplus air 
(oxygen aAd nitrogen) is discharged to the outside through 
an exhai/st passage 210. 

Jater used in the fuel cell 70 and water produced by 
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power generation as described above, exchange heat with 
cooling air in the moisture collecting heat exchanger 107 
and is returned to the water tank 108 . Also, the surplus 
hydrogen used for power generation in the fuel cell 70 is 
returned to the burner 110 of the reformer 103 through a 
valve 211 and a line 201, 

As described above, in the fuel cell u/iit 7, by 
means of the reformer 103 in which the evaporator 111 is 
heated by the burner 110 and raw material vaporized by the 
evaporator 111 is supplied to the catalyst /layer 112, the 
raw material is reformed to produce hydrogen, and the 
hydrogen acquired is supplied to the fuerl cell 70 through 
the shift converter 104 and the sfelective oxidation 
reactor 105 for power generation. In this case, hydrogen 
acquired from the selective oxygeri reactor 105 may be 
stored, as shown in Fig^2(B), temporarily in the hydrogen 
tank 16, 

The output of i3he fiiel ofell 70, as shown in Fig. 3, 
is connected to the pVw^r i/egulating section 80 through 
the reverse current prevention element 72 and the fuel 
cell battery relay 73, an<zf the power regulating section 80 
is connected to the battery 60 and the electric motor 31. 

Fig. 5 is a t^iock diagram of the power source 
control system of tl/e hybrid-driven vehicle according to 
this invention. 

The vehicle controller 5 is connected to the 
electric motor uriit 3, battery unit 6 and fuel cell unit 7 
through bilateral communication lines 220, 221, 222, 
respectively/ The fuel cell unit 7 is connected to the 
• electric motor unit 3 through ( + ) side current line 223a 
and (-) side current line 223b. On the ( + ) side current 
line 223/4 is provided a switch 225. This switch 225 is 
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turned ON and OFF by the vehicle controller 5. 



The battery unit 



/ 

/ * 

is connected to the electric 



motor unit 3 through the ( + ) side current line 223a' and 
the (-) side current line 223b which are coupled to the 
( + ) side current line 224a and (-) side current line 224b, 
respectively- On the ( + ) side current line /'224a is 
provided a switch 226. This switch 226 is turned ON and 
OFF by the vehicle controller 5. 

The electric motor unit 3 is a und/t in which a 
controller (motor driver 30), an encoder And sensors, as 
well as an electric motor 31 (Fig. 3)/ are integrated 
together as a module. Such an electric; motor unit 3 can 
be mounted detachably on a vehicle as d unitary component. 
Therefore, the bilateral communicati/on line 220 and the 
current lines 223a, 223b,^^24a, 224h/ are each connected to 
the motor driver 30 as a controller of the electric motor 
unit 3 through the respective jcdt^Lers (not shown) . 

The motor driver £0 ha£ ^ memory, and detected data 
such as the operating \concfit/ions of the electric motor 
unit 3 (for example, number of revolution), throttle 
opening, running speed, Request load, temperature and 
shift position are sent /to the vehicle controller 5 to 
update the memory in the' vehicle controller 5 for storage. 

The battery unit: 6 is a unit in which a battery 
controller 61, sensors S12-S14 and a relay 52, as well as 
a battery 60 as shpwn in Fig. 3, are integrated together 
as a module. §>uch a battery unit 6 can be mounted 
detachably on a /Vehicle as a unitary component. Therefore, 
the bilateral communication line 221 and the current lines 
224a, 224b are connected to the battery controller 61 of 
the battery/unit 6 through couplers (not shown) . 

The ybattery controller 61 has a memory, to which are 
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stored the data on the battery unit conditions such a^f 
temperature, voltage and current, and the residual 
capacity of the battery 60 while updated constantly. 
Thus, the data can be transferred through bilateral 
communication between the battery controller arid the 
vehicle controller to supply required powar during 
running, and when the battery 60 is replaced, jme residual 
capacity can be immediately recognized by/ the vehicle 
controller for processing of expected travel distance, 
etc . 

The fuel cell unit 7 is a unit ir/ which a fuel cell 
controller 71, sensors / SZI r S*23 (Fig. Y) and a relay 52, as 
well as the fuel cell 70, f^efor^ae^V etc, are integrated 
together as a module . Sucft a^ fyfel cell unit 7 can be 
mounted detachably on a vehicle' as a unitary component. 



Therefore, the bilatei 



communication line 222 and the 



/ 



current lines 223a, 223b are connected to the fuel cell 
controller 71 of the fuel/cell unit 7 through couplers 
(not shown) . 

The fuel cell controller 71 has a memory, to which 
are stored the data on /the fuel cell unit conditions such 
as temperature, voltage and current, and the capacity 
(specifically, the residual fuel in the methanol tank) of 
the fuel cell while updated constantly. Thus, the data 
can be transferred through bilateral communication between 
the fuel cell controller and the vehicle controller to 
supply require/ power during running, and processing of 
expected travel distance, etc, can be performed. 

Although in the embodiment in Fig. 5, a fuel cell 
and a bat/tery are used as two power supply sources 
constituting the hybrid-driven vehicle, two fuel cells or 
two batteries (second batteries) may be used, or an engine 
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type generator or a capacitor may be used. In addition', 
this invention can be applied to watercrafts or oth'er 

devices in addition to vehicles. / 

/ 

Fig. 6 is an illustration of data communicatibn in 
the control system of the hybrid-driven vehicle according 
to this invention. 

The vehicle controller 5 transmits, to tKe electric 
motor unit 3 (motor driver (controller of /the electric 
motor) 30, encoder 32 and other sensor g'toup) , battery 
controller 61 and fuel cell controller 71/ request signals 
of various data stored in the memories ox the controllers . 
Upon this data request, required data ^are sent back to the 
vehicle controller 5 from the sensor/ group of the electric 
motor unit 3, and the controllers 30, 61. 71. The 
contents of the data include state information such as 
temperature, voltage"^ current/, error information and 
capacity, and control in^o'l^ft^/ion such as output request. 

In this case,\. the/ vehicle controller 5 calculates, 
on the basis of the\d^ta /f rom the sensor group and the 
controllers 30, 61, 71, the optimum amount of drive to the 
units, and the data on t^ne amount of drive are 
sent, as operation corrunand data, to the motor driver 30 
and controllers 30, 6a., 71 for the control of the electric 
motor unit 3, battery unit 6 and fuel cell unit 7. 

In such a biVateral data communication, according to 

/ 

this invention, when abnormality happens in the battery 
unit 6 or the/ fuel cell unit 7, the abnormality is 
detected by tt/e battery controller 61 or the fuel cell 
controller IV, and the detection data on abnormality is 
sent to the /vehicle controller 5. The vehicle controller 5 
determines/accordingly whether the abnormality happens in 
the battexy unit 6 or the fuel cell unit 7, and cuts off 
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the switch 225 or 226 (Fig. 5) of the power source where 
the abnormality is detected, to stop power supply from the 
abnormal power source to the motor. The switches 225/, 22 6 
correspond to the fuel cell relay 73 and the battery relay 



62 of Fig. 3, respectively. 



The battery unit 6 is 



determined to be abnormal when the detection value of any 
of the battery temperature sensor S12, batt,ery voltage 
sensor S13 and battery current sensor S14 is excessively 
large or small beyond the range of no/mal detection 
values, and this detection value is stored as detection 
data on abnormality in the memory / of the battery 
controller 61. / 

Similarly, the fuel cell unit y is determined to be 
abnormal when the detection value of any of the 
temperature sensor S21, fuel cell/ voltage sensor S22 and 
fuel cell current ^ensor S23 is Excessively large or small 
beyond the range/ of normal jdetection values, and this 
detection value is stoi|ea s, ^/aetection data on abnormality 
in the memory of tVie fiael c/ell controller 71. 

The vehicle e^tro/ler 5 constantly sends to the 
controllers 61, 71 data/ requests including the detection 
data on abnormality, and if an abnormal state exists, the 
data is sent back tc/ the vehicle controller 5. When the 
vehicle controlled receives the detection data on 
abnormality, connection between the power source and the 
motor is cut off/ as described above. 

If abnormality is detected, the battery controller 
61 or the fyel cell controller 71 that has detected the 
abnormality/ may send a request signal for stoppage of 
discharging of the abnormal battery or the fuel cell, to 
stop the/use of the battery or the fuel cell. The vehicle 
controller 5 that has received the request signal for 
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stoppage of discharging, determines whether the battery or 
the fuel cell needs to stop discharging, and cuts off the 
switch 225 or 226 of the abnormal power source to stop the 
use of the power source. ^ 

Such a bilateral communication of the detect/ion data 
on abnormality allows a prompt action against abnormality 
at the time of occurrence of abnormality irr the power 
source. In this case, even if the failure jof the sensor 
itself is detected as abnormality of the p^jower source, it 
can be handled as an abnormal state. 

Fig. 7 is a flowchart of control off the power supply 
system during non-running of the hybrid-driven vehicle 
according to this invention. 

The operation a i £""~5ach step as follows: 

S101: It is dejl 
for power supply to 



ire. 



end of use of the ve 
the state of runnin 
performed between the / vehicle 



jbected whether or not the main switch 
the vehicle is OFF, to determine the 
f the vehicle is in use (in 
necessary data communication is 
controller and each 



controller of the f uel ysell unit and the battery unit, as 
shown previously in Fig. 6, for drive control of the 
wording to /the control program during running. 
S101-A: a setting value of the timer count is 



vehicle acc< 



determined from tfhe time of the next running and the 
current residual/ amount . That is, if the main switch is 
OFF, the timer /is operated, and the need of discharging or 
charging is determined from the current battery capacity. 
Further, a /length of time is calculated necessary for 
discharging or charging operation, a setting time is 
determined such that it is earlier than the time of the 
next running by the foregoing necessary length of time 
plus a^ margin (for example, a few to some tens of 
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minutes), and the time difference between the time oj 
swi tching-of f of the main switch and that setting time As 
calculated as a setting value. 

S102: If the main switch is OFF, an end signal is 
sent from the vehicle controller to each controller/ of the 
motor unit, fuel cell unit and battery unit, 

S103: The elapsed time after switching-/6f f of the 
main switch is counted by the timer. 

S104: It is determined whether or n6t the elapsed 
time is a given setting value (the vali/e calculated at 
Step S101-A) . If it is less than the setting value, 
counting is continued till the setting/value is reached. 

S105: After a given setting tame has elapsed since 
switching-of f of the main switch, zhe capacity of the fuel 
cell and the batter^/^T^ detected/ In this case, residual 
fuel in the methanol tank) \s defected for the fuel cell. 

S106: The detected/ battery capacity is compared with 
a given setting value A/. The setting value A is set to a 
minimum capacity required/for smooth starting of the next 
running. / 

S107: - If the battery capacity is not larger than the 
setting value A, the' fuel cell unit is operated through 
the fuel cell controller, to charge the battery so that 
the capacity becomes larger than the setting value A. 

S108: If /the battery capacity is larger than the 
setting value /A, the battery capacity is compared with a 
given setting' value B. 

S109:/ If the battery capacity is larger than the 
setting value B, a discharging command is sent to the 
battery controller, and the battery is discharged till the 
capacit/y reaches the setting value B. 

S110: If the battery capacity is not larger than the 
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setting value B (larger than the setting value A) , the 
fuel cell and the battery is held on standby for starting 
of the next running. / 

As described in Fig. 6, the vehicle controller 5 
transmits or receives several kinds of data to or from the 
battery controller 61 and the fuel cell controller 71. 

Sill: The data on the traveled distance from the 
start of running is obtained. The data, which is detected 
by a distance detection sensor located on/ the axle, is 
written in a RAM (or non-volatile memoryl/ of the battery 
controller or the fuel cell controller,/ or in a RAM (or 
non-volatile memory) provided in the /vehicle controller, 
for reading. 

S112: The fuel consumption i/atio is calculated on 
the basis of the data on the quantity of methanol fuel 
consumed from the st ence between the current 



residual fuel in the meth/ai 
at the start of oper 
distance. This fuel consump. 



Tank and the residual fuel 
(nd the data on the traveled 
Hon ratio is used to calculate 



the expected travel distance by the fuel cell. 

S113: The capacity consumption ratio for the whole 
vehicle is calculated <Jr\ the basis of the battery capacity 
data (the current lottery capacity) and the traveled 
distance. This capacity consumption ratio is used to 
calculate the expected travel distance from the residual 
battery capacity/and residual methanol. 

For exanple, the expected travel distance may be 
calculated l/y obtaining the data on the capacity 
consumption / of the whole vehicle including the fuel 
consumption and the battery consumption, and calculating 
the capacity consumption ratio of the vehicle from this 
capacity consumption and the traveled distance. 
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For example, if the consumption ratio of the 
electric power supplier (fuel cell) is lOOcc/Ah and the 
capacity consumption ratio is 2.0 km/Ah, the expected 
travel distance in the case of the residual fuel of 3000 
cc and the residual battery capacity of 5.0 A/h is/ 

(3000/100+5.0) x 2.0 = 70 km. / 

/ 

S114 : It is determined whether the residual methanol 
fuel in the fuel tank is not more than a given setting 
value. ^ 

S115: If the amount of methanol fy4l is more than 

/ 

the given setting value, the residual quantity is 
displayed on a fuel indicator panel as /usual . 

S116: If the amount of methanol fuel is not more 
than the given setting value, it is/ determined whether the 
residual battery capacity is npt more than the given 
setting value. If nfore than tlr/e setting value, then at 
S115, the residual (battejf^^capacity is displayed on the 
indicator panel as \usuay, ajk well as the amount of the 
methanol fuel. 

S117 : If the residual quantity of the methanol fuel 
or the battery is not/ more than the respective given 
setting value, warning is indicated on the indicator 
panel . 

S118: If the a'mount of fuel detected at S114 exceeds 
the setting value/ it is determined whether the residual 
battery capacity /is not more than the given setting value. 
If it is not /more than the setting value, warning is 
indicated (Stelp S117), and if it is more than the setting 
value, the yfesidual quantity is indicated as usual (Step 
S115) . 

Fig/ 10 is a flowchart of control of the battery 
capacity/ during running. Fig. 11 is a graph of the 
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capacity characteristics (percentage to the maximum 
capacity) corresponding to the current (I) and voltage (V) 
of the battery. 

As described above, the vehicle controller 5 

/ 

performs bilateral data communication with the battery 
controller 61. 

S121: The first detection data on the voltage and/or 
current of the battery is read from the battery/controller 
to be sent to the vehicle controller. /The vehicle 
controller stores the data on the capacity characteristics 
of Fig. 11, as a map beforehand in a ROM, /etc. From the 
voltage or current data, JUie degree / of consumption 
(percentage to the maximum capacity)/ of the battery 
capacity at the time is found frW the /map in the graph of 
the capacity characteristics . / Th/Ls battery capacity 
changes, for example, with a o^ztair/ time of use, as shown 
in the figure by the arrow. 

S122: After the first dAta. on the current and 
voltage is obtained, the timer begins counting. 

S123: It is determined my the timer whether or not 
the given setting time is/ reached. Timer counting is 
continued till the setting /time is reached. 

S124: After the setting time has elapsed, the second 
data on the current and/or voltage of the battery is read 
from the battery controller to be sent to the vehicle 
controller . 

S125: The degree of consumption of the battery 
capacity is found /from the graph of Fig. 11, based on the 
foregoing first / data and the second data, and the 
impedance is calculated. The deterioration of the battery 
is determined rrom the impedance change. 

Alternatively , during use of the battery, the 
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current and voltage may be detected in an approximately 
constant current state generated by quick change over of 
the battery switch (FET, etc) , and the residual battery 
capacity and the impedance may be calculated from the 
current and voltage characteristics in this jzbnstant 
current state. 



Industrial Applicability 

According to this embodiment as described above, as 
a result that the motor, fuel cell avid battery are 
arranged as module units containing controllers, 
respectively, efficiency of assenjpling work and 
maintainability of modules are improved and control 
systems corresponding to /£hh\ modules are integrated for 

providing improved 
reliability of the control J ^asy parts replacement 
including that of the contrdi System parts and improved 
applicability of modules with effective parts control. 

In addition, if the /device (vehicle) controller 
which controls the whole idevice is adapted to perform 
bilateral data communicati/on with the module controllers 
such as the motor, battery and fuel cell, then data is 
stored in each module controller and the device controller 
can receive requisite? data on request to the module 
controller, so that memory structure is simplified on the 
device controller yside, and effective control can be 
performed on the same communication line for each module. 

Further, ±f after a predetermined time has elapsed 
since the maivh switch was turned off, preparation 
processing is /performed on the power supply sources such 
as the fuel qell and the battery, for the next operation, 
then after ^ predetermined time has elapsed on the basis 
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of a timer since operation was stopped and the main switch 
was turned off, the capacity of the fuel cell or' the 
battery is detected to be optimized sufficiently enough 
for normal operation, so that the device can ^D'e held on 
standby in an optimum condition that operation can be 
started stably and reliably at the time <p± next running, 
for continuation of normal operation. 

Furthermore, since during ti?&vel . operation, the 
available amount of joow^jt: supply dr each of the first and 
the second power source coh^tixuting the hybrid device, 
for example, residual ycapa^city or residual fuel, is 
detected and the expk^et/ travel distance of the mobile 
body is calculated on /the basis of the detected data, 
stable operation to /the destination is verified and a 
prompt action can/ be taken when the expected travel 
distance or the Residual quantity is insufficient. 

Moreover/ the use of the abnormal power source is 
stopped prorrfptly and operation is continued using the 
other power source while an appropriate action is taken 
against yche abnormality, thereby minimizing damage. 
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